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As usual in the theory of thin wing sections we replace the airfoil by its mean camber line supposed to deviate but little from the chord. Studying the plane irrotational flow of an incompressible fluid around this indefinitely thin airfoil, we take its chord as the x-axis of a system of rectangular coordinates x, y, ascribing to the leading and trailing edge the abscissae -1 and +1 respectively. Denoting by V the velocity at infinity and by a the angle of attack, supposed to be small, we write the x-and y-components of the velocity vector w as F+m and aV+v respectively, where u, v and aV will be small as compared with V. We denote the pressure by p and the density by p. Then, by Bernoulli's equation
Neglecting quantities of the second order, we have p(F2 + 2uV) = -2(p -Po).
(1)
The quantity <£= -1 /p(p-po) is called the acceleration potential, since the acceleration equals grad $.
is also an analytic function of 0. The functions $ = (|F2+wF), ^ = -(aF+sF) are thus seen to be conjugate harmonic functions.
Let the mean camber line of the airfoil be given by the equation y=c(x), ( -lgtfiSl; c(l) Neglecting quantities which are small of a higher order than the first, we obtain^
Since v vanishes at infinity we have 00) = -aF2.
As the mean camber line deviates but little from the segment -1 of the x-axis, we will not commit an appreciable error by fulfilling the condition (2) along this segment rather than along the mean camber line. We set and the conjugate harmonic function have been determined by Biot. From <f>i the lift distribution due to the angle of attack can be obtained. In the following we shall set a = 0 and thus obtain the lift distribution due to the curvature of the mean camber line. Within the framework of our linear theory these two influences are additive.
In order to solve the boundary value problem for we map the exterior of the segment of the real axis between z = -1 and z = +1 onto the exterior of the unit circle in the £" plane by the conformal transformation 3 = i/2(f + i/r).
The line segment ( -1, 1) then is transformed into the circumference of the unit circle and we have x=cos 6 (Fig. 1) . Since a conformal transformation takes a harmonic function into a harmonic function, our problem becomes that of finding a harmonic function having the values -FV(cos 6) on the unit circle. If we assume ^ to be regular on the boundary, the solution is given by the Poisson integral but the resulting function will not vanish at infinity unless 1 r2x ao = -I c'(cos 6)dd = 0. 2ir J o Therefore, to satisfy the condition Sf^oo) =0 we introduce a singularity corresponding to a source-sink doublet at the leading edge.4 With the notations of Fig. 1 , we obtain which is Munk's formula for the moment, due to the curvature of the wing.6
